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#2 001 — 059892 

(1) B&myb$yA?nx&z<Dmmfa M&myt#yrt>7g.£fcteZ(Dmm 
fa ^Ty&ytzyAtrfttfcte^ammfa m&&yt*yrt*n&fci**<?>& 
mfa mft«**>^i'«*fett*(o«j|^6jj 4Bfr6a | latlst 3 l 

(2) 2-2 oi®7^ y»BB^e>^s u y*-mm jkx$ 

(3) (1) Cffi*Lfe»3fc*>^^JC©N*aB©l#B3&»6n-l*BCD 

/mm, 

[»#«4] y >*-S^I(0r^ y»BB^Gly-Gly-Ser-Gly-GlyXttVal 
-Asp-Gly-Gly-Ser-Gly-Gly-Thr-GlyT'&S, ft 1 # P, 3 ©ffiti* 1 ^{CfB« 

(A) gB#J##l SCfBtgODTi* >>|ftll#f(0e>£3 2#B^ & 2 7 5#g*^©T 
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#2 001-059892 
(B) WSH2i:|!i075;il»!0«3 2*S*£>2 7 8#g*T?©7 

[»#«6] N*SB^&C***|^K:JKT©r^yttK^ (1) ~ (5) 

(2) »ft«3fe*>**KXtt*«D|gJMs, *6a3fc*>/1*K*fcii*cD£|* 
U n(il 4 0^P> 1 5 0 £T*0mm**k? ) ; 

(3) 2-2 ofl©r^yKffi^^^«u>*-BB^j;^tf 

(4) ±fi (2) K:B«Lfe«3t#>^ir||©N5|i£«CDl#B*»&n-l#g(D 

(5) %/H/VJ*tg<&#yrt9K<DT$jmm&l: 
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#2 001-059892 

C»#«9] U >*-ffi*|©7$ y^iH^Gly-Gly-Ser-Gly-GlyXtiVal 
-Asp-Gly-GIy-Ser-Gly-Gly-Thr-GlyT^S, |«| ©tfft* 1 SiCfB* 

VI LIP, -a-n*/l/5/>, tJK*^/S/>, #;bh^ 
»tf *l* 9 2/^**7?**, ff^Jg 6 9 Oft*.* 1 3ClCflB*©K*Sfcfc * > 

* * * r * y *Kar * * u uc i b«© t ^ y mmn & m + * * y j * 
(b) mmtt2K&n<nT$jmmitm'tz*yr<>;K x\tmm**2K 
**** r % jjnm*m u bb^j## 2 jck«© t ^ y bbsi* *-r « * yn 
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#2 001-059892 

t5DNA D 

[3f 1 5 ] JgTF ©Mtlfr© D N A D 

Wtt&ft5*>^RS3 - KtSDNA ; 

( B ) @B?!l#-if 2 tC|B«©&gIB#J© 5^9 4#gfr6 8 3 4f H* T?<D&3Sffl 
^IJIWDNA, Xl«^lI#^2lC|B«©^*ie^I©e>*>9 4#B^& 8 3 4 

f saififfiWSrtb, BB^J#^2tCia«©SSffl^J©e)^9 4#B#e> 8 3 4# 
B * T* ©SSBB^J W5DNA^n-Kt^^>A^It H»U:0> 

KtSDNA ; XI* 

(C) S^!I##3K:aB«©tttaSKW©^^8 4#Ifr&8 3 4#B£^tf>i&«gB 

#B£T*<Di&«Be?!Hc*^T i ^e>««©iftis©^5c, *m&t>vxi±tf2fn&;£ 

B * -e ®I»J ?:WDNA^n-Fn^/^Si: H SUsA Jb© 

=i- FtSDNA. 

[fMl 7] ^T^Wn^DNA. 

(A) ffi^I#-^lJClB«©ttt*KW€:* , r«DNA, Xttfi^lCiBiO* 

(B) fg^J##2JCS3««^SWJ&^t-SDNA, 2 JCffi*©* 
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#3 001-059892 

mmmz&^x 1 frt>mm<D&m<DX^ m.mjkT$/x\*mu*m-?z>%kmmm 

(c) @e^j##3 izmmom.mmmzm~?z>DN a, xitm?m^ 3 izmm&m. 
mn^3 izmm&i&mmpwn- F-?z>zy^?M£mm&>±(z>Myb 
im&mi 8] m&mi 4^1 1 (Dnti^izmmoDN a^-t si» 

[ff^l 9] »*3gl 4^e> 1 7©Mtl*»JC|B«©DNAXttl»#^l 

1 8izmm<DMfrMz.'<i? *-zm-tzMg:fem<b 0 

6^^i 1 (DffitiMzmm&m'&mybzyrt'rm. m&mi 2\z%m<n*)\;*sv 

MXyftmn. »*«14*>6i 7©ra*ijWcgB*©DNA, 8{Cf3 

□ 

[0001] 

*a5wt-?ar-S/a>l:*t3i:fCJ:otIilia*l6, C a 2+ 
[0 0 0 2] 

[*»tf>&fl5] 



5 



ffifl#2 002-3008180 



#3001-059892 

»fi«3fc*2//t*K (GFP) ©*3t*»x*^^-«g# (FRET) ©fllJBJCfcy 

tfiltms (Tsien, R. Y. & Miyawaki, A. (1998) Science 280, 1954-1 
955) „ FRET&£#M&5 2S©GFP&ftM"t* : fe©T?*5 0 
[0 0 0 3] 

SF£Mgfp (wt-gfp) «ftffl<o^nh>fl;«»fej:os«^nh>-ffc*»K: 

#**f/£-t3, 2 0<Z)S*tf-?395nmfcJ:tf475nm&#;5:e>— ilttlRJR^^^ h 
(Tsien, R. Y. (1998) Annu. Rev. Biochem. 67, 509-44) „ -f^-> 

hy-^^^tjyn f>>*. y Ntf-^JCfcyjHJfSiftS. WT-GFP^fiMM 

mfto&m. ft3<D7u hyvmtfmmzti&ztzm? aiopis, j., Mccaff 

ery, J. M. , Miyawaki, A., Farquhar, M. G. & Tsien, R. y. (1993) Proc. Na 
tl. Acad. Sci. USA 95. 6803-6808) 0 GFP^^fttf) 1 O £ LZMteMXi* >r? 
(YFP) ^6, YFPte, 528nmT?©l/y h»3fcS:%jfee>-rT203YilSIS: 

>^ffiSf^MK:M^-rSri:«S^»Stlfe«« (Ormo, M. , Cubitt, A.B., Kallio 
, K., Gross, L. A., Tsien, R. Y. & Remington, S. J. (1996) Science 273, 
1392-1395) , i*lttXi»3Hfft«JfetCJ:»;ffi9!3tlfe(Wachter f R. M. , Elsliger 
, M. A., Kallio, K. , Hanson, G. T. & Remington S. J. (1998) Structure 6, 

1267-1277) „ 

[0 0 0 4] 

GF?mmfa<DM®& r^-canj (Yang, F. , Moss, L. G. & Phillips, G. 

N., Jr. (1996) Nat. Biotech. 14, 1246-1251) ftlC, Baird£>&, jKU^^ 
K© 2 o M *; tc 7 U >y -ft Z> -9— * 3. ^ - - * =l 5=- - 2/ a 
y (circular permutations) £ff^f 5 T»TtBtt#*«6»ffi«: jiffl L fe (Baird, 
G. S., Zacharias, D. A. S Tsien, R. Y. (1999) Proc. Natl. Acad. Sci. USA 96, 
11241-11246) 0 0-czn(Dmm<Z>fc®, ^ -A- i* ^5=-- 3 > 

fcGFP (cpGFP) ©»6att*>^^K©^«©y n h>JCttitlJK±ieaET** 
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#3 001-059892 
v*fc®*>*ifc. cpGFP©ftM&, 2o<JD^r>;^f K^-f>^0fS^M^^t 

[0 0 0 5] 

L/*»Uft««&, #;W>?A-f:*>{C^<f£tf)&3cpGFP, #{C3 7°C{CfcV^ 
[0 0 0 6] 

[0 0 0 7] 

^K) (Blumenthal, D. K. , & Krebs, E. G. (1987) Methods Enzymol. 139, 
115-126) Srift^bfecpYFPSrH^Lfeo fcfc, Ca 2+ *«|g^LfeCaM (Ca 2+ -CaM) 

##CtgNMRIC «fc »JiRffJ£3*lT^S (Ikura, M. , Clore, G. M. , Gronenborn A. M. 
, Zhu, G. , Klee, C. B. & Bax, A. (1992) Science 256, 632-638) 
[0 0 0 8] 

3e>iC#$&IB#e>fcj:, M13, cpYFP&£&C*Wiomi&2tl2> y A 

^RCS^ttSrW^fclS*, Z©«#ttttfcl\ CaM^M13i:©ra©Ca 2+ ^#fttg 

YFP(D^n h>*y h^-^fCj^gL/^S^MtC «fc Z£%Wm I, fc. 

[0 0 0 9] 
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#2001-059892 

► 

(1) M&Mft*yA?MXte?<DmMtt. M&igftZ >/i?Mt fcitzoi^M 
U nttl 4 0^e> 1 5 0 £T*(D&m$:m"?) ; 

(2) 2-2oi©7^; its£r& e> u > # -@b#i ; 

(3) ±|H (l) tC|H«L^m^^>/^^ON^(Dl#@^P,n- 
[0 0 10] 

^y^^nitc a 2+ ^^y(D^riz^x^<DM\z^^xm^^mM(Dmm 

&ZL< tt, y >#-Bg#J©y * ^I2^J#Gly-Gly-Ser-Gly-GlyX&Val-Asp 
-G 1 y-G 1 y-Ser-G 1 y-G 1 y-Thr-G 1 y T? fe S . 
[0011] 

(A) !B^J##nc|B«<Z)T^ y^fB^J©e>^3 2#g^P> 2 7 5#B£T*©7 
S2>><D 2 7 5tg$t®7^ JWllzis^T 1 A^iicy^icD^ 

(B) BB^J#^2JCSB*©T^ >> 8fcII#|<Z> ■*> 5 3 2#Bfr£ 2 7 8#B£t?©7 
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#2001—059892 

^/xi*#*D5:^-rs7^ jmmm*Mi;. bi^j##2k:ib«©7^ ;iSJ0© 

MttS:ttS*W^f : Xtt 

(O iB^i##3 jc3b*©7^ ;mmm<D?%3 2#s^e> 2 7 8#g£T*tf)7 

Bfrfc 2 7 8*B**l?©7S ./SHC&^T 1 *^»fl©7^ 7^©^^, 

tf/xtt#»=&^-rs7^ yaftiB^jsr^b, Be^j##3icfa^©7^ jmmn<o 

[0 0 12] 

#38E©BU<0fllffitcJ:*itf, N*3g^e>C*S8*I^JCJ^T©7^ ^iftK^J (1 
) - (5)' &JE#lC^&»^m3fc#>A*fitCfcV*-t\ C a 2+ J*y<Dmzfo 

( 1 ) #;w>tf >7^^3St©««r^^ K©7^/iK?!l ; 

(2) 9 RXl**<D&Mk#. fctt*©*J* 
ft, S>7>mft#>^ jt^te^tfJ^JIft, afcfe^fc fett*(Z>3e 

aft, ^w^^*>A^R*fctt*©iKaft^e>fiKs^e>^stism^ 

U nttl4 0^f)l 5Ott'0Sil:^t) ; 

(3) 2 — 2 01©75 yflfcHHtffr&JEftfcy >#-IB#[ ; 

(4) ±fB (2) &CfB«L£^3£#>A 0 *K©N^<m#B;^n- 1#@(Z> 

7 ^ / S?@B?'J : 

(5) ^;P$/^A^^>A°^K©7^ ;»Bi*l : 
[0013] 
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# & T J C & V % X * 0 M. I C # L T H & £ M S © Ifr & £ B "T Z. £ tfi t?£ -5 , 

L< U >#-@B#J<Z>7^ y ^SE^J&Gly-Gly-Ser-Gly-GlyX&Val-Asp 
-G 1 y-G 1 y-Ser-G 1 y-G 1 y-Thr-G 1 y X $> Z> 0 

I lip, -3.-n^;i/i/>, ^lii^jjvyy, :7i^x->, ^?;i/h^^^>, 
#;i/^°>f > • =?-v ■ v K sioo^nf^fx rtjiAji^s. y, % 

;v \£yy y d gK> ijjv \?y*j > D 28K &tf # ;i/ v^-y -frhWL&mfrhmtft* 
^yn^m.x%^> a 

[0014] 

*li©I^f )t ^ > ;^ I^IftM h lift J^T©fpm^<JDi&-£mft# > 

(a) sh»#i cie«©r^ jnmm*m-tz>*yrt>7>K, xizm?m^nz 

(B) IB^J#^2{CfH«cZ)T^ 7^@e^J$:^-r§^>A^K, XttM^J##2{C 

(C) f«g:#3}Cfa«tf)T^ y^IB^J^^f £*y/i?Ht. X(i@B^J##3(C 
[0 0 15] 

[0 0 16] 
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^ #2 001—059892 

*9&w<z>2 bizm<Dfflwiz£iMf^ ±m$kyt*yA?m$:n- f-t &dna# 

(A) BB^J##l Jc|3IS(Z)Jfe3lgB^rj©-5^ g 4#g^?> 8 2 5#B*t©«[SBB 
WS:tt*DNA, XttffiW#^l KL|B«CDr^y»ffi^I©^^9 4#gfr£ 8 

fc^-TSSMSBiaf&^U HH^J##l{CSH«©f^SSB^J<?)e»*.9 4#S^P>8 2 

#B*T?©isasffi^jtcfev%T i ui&jgtxf/x&ttm&m 

tSSlSM$:tl, ffi^J#-^2K:|B*©*a£BBW©^^9 4#g^P, 8 3 4# 

(C) BB#j##3 lciB«<Bifc£gB#[©3 % 9 4#B^f, 8 3 4#SftT*©&Sf3 
JKmSDNA, XttK^TJ##3 tC3H«©«[SBB^J©e>^9 4#g*xe> 8 3 4 
#Bft"e©&SBtfrjfcfcvxT 1 *&»«©*IS©**, B«AtJf/Xti#inS:^ 
?*S&£IB#f£^U BB^J#^-2fC|B*0«[SaB^<Z)-5^9 4#@^f> 8 3 4# 
@ ft -e©*3Sffi^I 5rttSDNA^3-Kt5^>;t^g^ fif^JK±© 

[0 0 17] 

*ftm<D £ & (cS'JcDMBfc J: fttf , ±ffitt££3fe * * * & =r - D N 

(A) gg#I#-5§- l fc§Big©f^SjSBjrj$:^t-5 DN A, Xttffi^f## 1 tCga*offi 

(B) B»a*-»2K:B«©*itKjgt:^ <BDNA , XttKW#*2 
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#2 001-059892 

%.m i, m&m^ 2 izmmn&mmfwzi - Ft- § # y^ v » £ ra^±<£>^ 

(C) SB?rj##3 5CfH«(Z)f^«@H^J$:*-t^DNA, X&IB?!J#^ 3 fCfB«©& 

£;£U SB^#^3&cfaiStf)i&*ie#J#3- K-t^^^A^aillef^^CD^ 
#'ffi£^t-£#>A?fC£:2- FtSDNA ; 
[0 0 18] 

#t$ft&o 

•r s ^s^m^^*^ £ ft £ o 

Jit" 3 ft So 

^A^^-^&^f 2>f=.tb<D*ry h#H#3ft$. 
[0 0 1 9 ] 

(1) 

#3g0j3&, N5fcSg^e>c*aB*i^icjeAT©r$ (i) ~ (3) 

y<DAizfo&Lfc&ftZft?zz£tfT-g&z£.Z!®m}iir2>, &%*yrtZ'SL 
(i) n&&%*yrt9 9LX\Z*o>1£$m. Jt&»ft* fctt*<0SCJ* 



ffi|E# 2002-3008180 



#2001-059892 

U nttl 4 Ofrb 1 5 0£T*©&$t£^-t) ; 
(2) 2-2 Ofl075;iI5J*&*4 U >#-ffi#| ; &t>* 

o) ±ib (D izmmLfc&yt$y/*>7n<DN3im<mmgfr<bn- 

[0 0 2 0] 

GF PM^tt^llStlSB^J^^StlTVASCPrasher, D.C. 6>(1992) f "Prim 
ary structure of the Aequorea victoria green fluorescent protein", Gene 
111 : 229-233) D *<om<D&%* >A*^Xfefc-£<Z>^J|#<Z>7^ J Stffi^%#ft 
SR^StlTfc M*J£, Roger Y.Tsin, Annu. Rev. Biochem. 1998. 67:509-44, 
Mtnc*<Z>5[M£iRlC|BIB£*lTV*5. Delagrave, S. ffS (1995) , Red-shifte 
d excitation mutants of the green fluorescent protein, Bio/Technology 13 

: 151-1541*, mz.i/7 h Lt=.mMXH7 h^/^ffS * n -Z/itt* tlfeTX^ 
* • bf* hyTGFP©£J5#£J|i||§l,T^S. Heim, R. £ (1994) , Wavele 
ngth mutations and posttranslational autoxidation of green fluorescent p 
rotein, Proc. Natl. Acad. Sci. USA 91 : 12501-12504&, -£3"??BFP(Tyr 66 -»H 

is)-e^$tl^»fem^5:^ 1 t^^M#:(Tyr 66 ^P 3 His)$:#^LTVN-g, 0 
[0 0 2 1] 

r^y»*»&c*SB*-e©r$^ifcK^i (fceu n&i 4 o^e>i 5 o£t*cd 
*t<z>N*sg©i#B^e, n- i#i©r^ j mmnzc^ffiwizm-r t 
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^ #2 001-059892 

[0 0 2 2] 

n<D^m\kLhT\%, Gly-Gly-Ser-Gly-Gly (@2^j##4) XttVal-Asp-Gly-Gly 
-Ser-Gly-Gly-Thr-Gly (»J## 5 ) **We>ft*#, £ *l & JCRRfc 3 ft* %, 

[0 0 2 3] 

t>VXii#^$:W-tST^ ygg@B#I£WU SB^JS^l fCfH«tf)T^ 7M?rjtf) 
(B) @H^j||^2iCM(DT^ Jmmn<Do^3 2#grf,^2 7 8#g£T*(Z)y 
OVX Jitf 7 ^ 7 IftBB^JS:^ U 2 (CfB«©T * J Mmn<D 

(c) mvm^z izmmvTs. ;mmm(D??>3 2#@^e> 2 1 8#g£-e©y 
^/g&£:^-r3*><A*«, x t*i!*r#? 3 \z §m<D 7 $ ; wsmn o *> 3 2 § 
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[0 0 2 4] 

* rait '»^ r i*&»«©r «*aof/xi*«arfc*'r« 

> l*6 2 0ft ff*l<ttl*6ioi, J:yff*L<ttl»6 70, $£>fc 
ff*L<ttl*65«, #fc&£ L < » 1 * & 3 

[0 0 2 5] 

n-y^mmKLXPCR^n^ztlz^i). *am<DMyt*yrwjtzn- K 

3 ti 6 <D D N A # fc*#C»fi^»* j; y ZlfcfCfcy, /J? 

Iffl***>;^Rfe3-Kt6DNAfe#«»i:^T;s 4c rfflDNA^ 

[0 0 2 6] 

(2) *%W<PBte%^»>Aggft#^<p%[jg 
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**>**K®T$y*ie«ft;rr*£fcft4M^+ ( 6, m*MX*> wntz 
S/->, vi lip, -zL~n*;bt/>, 7^hx 

[0 0 2 7] 

*K^>075;i|»!l4, ^*Tfl 2 0 0i«a±m*lT^. 

>f>.5S-*y<_* (http://calciun.oci.utoronto.ca/ctdb) 

[0 0 2 8] 

ft # * s r * y ik£*r * * l , « ic «a® r s ft ^ 
(b) K^J#^2icia*©r^yiftBB^jftW'r-5*>/i^a, xa»j##2ic 
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(c) iw#*3icEior5;ii»!iMt«*>^f, X(ffl^j##3{c 

& * 1" § 7 ^ 7 g&SB?rj S * L > S£f *9 3 iz mm<D 7 $ J WMM Z m * 5 * > a° 
[0 0 2 9] 

N A ^ItfeS. *B^HH»©iBMlS(3DiB^S# 1 ~ 3 JCfB«L 

A?:ilt50[C»DNA|f|t«t§ri:^^„ ajfe, |HpB| {c , M 
§^^5>f V- P C R^^ffl^C J: y , **2/*A«*#wt 

[0 0 3 0] 

> *AJ/9Mt^#fc^*-tfife*K:«!«t«ii:#Tf*, ***** 



ffil£#2 002-3008180 



^ #2 001-059892 

[0 0 3 1] 

(3) ^jfflPNA 

(A) KW#«lCB«©*«BWCD^ , b9 4#a*»6 8 2 5#g £T*<Z>&«!2 

( B ) @e?(j## 2 fcffitto&Si!*;® ^94#@^f,8 3 4tgi TfOJSM 

a r64kSK*rfc# u 2 cettDttssar® 3%94*s*&834* 

(C) BB^ll#^ 3 {Cfa«0)^«@S^J© e» 9 4#g^f, 8 3 4#g£T"©&Sl2 
^J&tnDNA, X 3 iC Ktt®4l&B3r<Z> 3 £ 9 4«g*& 834 

Sr^f -tS^W^jCfcn- KtSDNA ; 
[0 0 3 2] 

^©DNA^PJfPjtlSc 
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[0 0 3 3] 

sit^tsu wa«r^5>fv-S:fflv%fc!Ku^9— eaggisjs (pcr) 
Ttt, *w«»rfi©. ( i ) ^e©^*^^^ (2) *mR<Dni$m% 

[0 0 3 4] 

ioT, *Jlft*'r*DNAft*S***fc# TM . 3©£e>&^©Mrli 
, Mill Molecular Cloning: A laboratory Mannual, 2 nd Ed., Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY., 1989, MtfJCCurrent Protocols 
in Molecular Biology, Supplement 1-38, John Wiley & Sons (1987-1997) \Z 
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[0 0 3 5] 

(4) *ftm<DM&mZ.'<>7*- 
[0 0 3 6] 

7 ' T^b^i-y^ • T ^ ^ — if iS-fe-?- (Baci 1 lusstearothermophi lus maltog 
enic amylase gene), A-^* • * a 7^ 9- (Bacillus 

1 icheniformis alpha-amylase gene), • p 'j ^ ^ x > • BAN 

7^ *y — if SMS^r*- (Bacillus amylol iquef aciens BAN amylase gene), A<f-Jl>7 

" WJ^' T;b^Uyn^T-^^(Bacillus Subtilis alkaline pro 
tease gene) % b < \t.?\*JUX • 75.117 • ^>n S/^f- if Mfc? (Bacillus pum 
ilus xylosldase gene)©:/n ^E- <£fc\f77~V • 5 A*r© P R 5gL < l* P 
L^ 0 " 5- ** *BM<D lac, tr P ^L<tttac^'n i E-4f*if*?#tf P,tis o 

[0 0 3 7] 

T-i (^*n^**>f ^ n ^-#, ULtcitTrJ V-(ji7 2 ±«jh 

Ky>7n^-#, Pio^n^-i t-b^77r •A'J^-A-^ua 
Knj/^ttasttdf^A^^n^-*, ^^^.^n^>f;i/xfiP^MtJ«95t^i y 
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t p i A7U 
[0 0 3 8] 

© «fc e> # - ^ * - * {c^fg^{c^$ nr * * *»woia«i8i 

?*-t«lC, d<iJ7f-l/-S'3>^^(W^«SV4 0 tfc&TTJ V 

y*n &x.xmiR^yr\yvmm (mjt&T<r;v-(jix va rna 

^tt£-r*DNAE#J&JMIILTfeJ:<, ^CD-Mi: LTli S V 4 0|g$g@j& ( 
[0 0 3 9] 

^J-^LTti, ^tKQli^^-f (DHFR) 

[0 0 4 0] 

(5) *BBgMggjjft 
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[0 0 4 1 ] 

WJL*«r«©«4:LTtt, HEK2 9 3IE HeLaft COStt, B 
HKm CH L*Jfi*fettCHO*jB^ffc W re ) n*. *9M»ftfc*ft«& 

[0 0 4 2] 

Mid ^^*nv^^X.-fel,^>>x(Saccharomyces cer 
wi««e)*fett*V*n7-ftx • *;i/>f/<y (Saccharcmyces kluyveri )^ 

[0 0 4 3] 
[0 0 4 4] 
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ttfT'ZZ Baculovirus Expression Vectors, A Laboratory Manual 

; &V*\syh • ^nhn-;bx-^.fu^5- . ;Utn ^ Bio/Te 

chnology, 6, 47(1988)^(CfS«) „ 
[0 0 4 5] 

utographa californica nuclear polyhedrosis virus)^£jg vn§ 3 



! ^ ltli > Spodoptera frugi P erda<0|Pjftj|WJgT?&S S f 9, S f 2 

V^aT/l/, ^>M-.x^f • 7'J-7>-7>K'*^-(l, H. Fre 
eman and Company), n a - a - * ( Me , York), (1992)] , Trichoplusia ni©#P 

,§Hi Fi ve ^>^Nn>^x>tt8g)^$;^^^ ri: ^ 7? ^ §o 
[0 0 4 6] 

fKS*l»8tSCtt, »«8*tfv*fttfj:vi. 

t77D-^0U^^ v ^ t:/ ^ n7K . 7 ^_ & S-Se P har 
ose FF^T^J/TttM^COU^ftM^feBI-f^^^n^,,^^^^ 
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[0 0 4 7] 

***«Iftrt^#A-r*ii:K:j:y*-4f--BriBi:« ! « (1 dna^Mao^a 

[0 0 4 8] 

(7) *ftm<D*v K 
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[0 0 4 9] 

(A) &ms&Tfl3& 

(a - i) 

cpEYFP (V68L/Q69K) <Z)cDNA£ 3 0<Z)PCRIC J: tJiibfe. * 1* , Pstl3P&£-£ 
tiMUfa^^J V-fc, FU >#-GGSGG£n- Ft^^f*]^^- 

££JEV\T, EYFP (V68L/Q69K) (Miyawaki, A., Griesbeck, 0., Heim, R. & T 
sien, R. Y. (1999) Proc. Natl. Acad. Sci. USA 96, 2135-2140) ©3'3P#<Dc 
DNA^ffiiigbfeo #UC KU >#-GGSGGil, ^^1^4x5' £ J: t>*3' 5fc3g£ Tf 

£>KpnIgP&&3- K-t5@B^I&MV>T, EYFP (V68L/Q69K) ©5' gP#(Z)cDNA£if 

fBUfc. fclfelc, *»©PCRW^^J:tJSr:#g©PCRWf^r(Z)»-&«&«faiibTffl 

V^, PstUS^^KpnlS^Sr^W-r^^^-fV-tCiiy, cpEYFP (V68L/Q69K) 
®^J&cDNA'&if«bfe. fWBUMbfcj£&&, pRSETg (Invitrogen) ©Pstl/K 
piilBmz-( yy X/-UX*Vn--y>fh, cpEYFP (V68L/Q69K) / P RSET B &#fc 
. #ClC S'BamHI^S'PstlgPft, 8> #£5* Kpnl £3' EcoRIgB&& ^4X^*1^ tf ^ 
^-fV-Sr^T, M13fcJ:t>XaM£:n- F^3cDNA£i|fi(igLfco ftJPWi b £PC 
R»T^r PRSETg*© cpEYFP (V68L/Q69K) itfc^tf>5' £ J: 0*3' 3fcsSfC}tM U T> IH 
mn^m<D^)ilU (pericam) <D#f»j£:f^ b & 0 mkOim. 1 ') (Sawano, A. 
& Miyawaki, A. (2000) Nucleic Acids Res. 28, e78) , U > # - © Bfc^ £ cpEY 
FP (V68L/Q69K) tfKD148i3 <fc l>*203&-£ ©asfi^J%l&g!Sfl5gEJI8&3& SiMM? Z> Z. 
£:lcj:U, (flash) KVjjJ* (BB^J*©BB^I## 1 ) > US'*"* b 

ij.^ (ratiometric) KU#A (B2^©IB^J## 2 ) fcitM^A-* (inv 
erse) KU#A (IB?'JS©MB#I## 3 ) &f£3SUfc. * U * A3te^0>5' 5f5»S: 
PCRT*«LT, HindHIgp^^-^O^tCnif ^^=r>-fe>-9-^@H^[I (CCACCATG) 
§^Alfe 0 ^U#A£=I- Ff -SHindlll/EcoRlWT^rSWSiS&^^^f^ 
- P cDNA3 (Invitrogen) lCif^^n-->^bfe 0 M13- EYFP (V68L/Q69K) (14 
5-238) £<fct>*EYFP (V68L/Q69K) (1-144) -CaM £ 3 - F "T S cDNA £ 7 ^ y >> a 
#AcDNAfr£##U pcDNA3lC^n- — >ybfc. 5/ h # n Actf^r 2/ 



ffi$E#2 002-3008180 



#2001-059892 

i?CD-9-^L-y MV©N5fcS8<D1273 / 187 l^@B?lf S: =2 - K"t*ffi?J (Rizzuto, 
R., Simpson, A. W. , Brini, M. & Pozzan, T. (1992) Nature 358, 325-327) 

:PKKKRKVEDA&fflV^T-e©3 , *SiS:-etl-en#*'rS3i:JCj;y, l/>>tf* hU 
[0 0 5 0] 

(A-2) *yA?g;nM&&&in vitro^M^ 

(Miyawaki, A. , Llopis, J., Heim, R. , McCaffery, J. M. , Adam 
s, J. A, Ikura, M. & Tsien, R. Y. (1997) Nature 388, 882-887) , NpfcSSJOK 

vt.xmyzyzm-t&M&z.mybzyrtt'RZizmm (jmio9(de3)) iz&^ 

[0 0 5 1] 

(A - 3) pH^ c fct>*Ca 2+ ^ 

«*©«y (Ormo, M. , Cubitt, A.B. , Kallio, K. , Gross, L. A., Tsi'en, R 

. Y. & Remington, S. J. (1996) Science 273, 1392-1395) , pH4~l 2. 

5fcMmLfz-m<DmffiWLzm^T, pmrnzmmLfc. o,o' -trx (2-y^y 

X^;i,) Ifl/^^iJa-jlz-N, N, N' , N'. -mmm (EGTA) , N-(2-t KD 
^rS/X^^)x^l/>S?r^>-M, N' , N' (EDTA-OH) ££ttnSy 

°» (NTA) 2:MV^T^LfcCa 2+ #^#M«MfeJ:0Ca 2+ figftIM«^•C^i 

[0 0 5 2] 

(a- 4) m%m%&m3$i:xfmmfc 

Superfect (QIAGEN) SMV^fccDNA N 9>*!7x ? s >® 2 XB:3 BffelC, M 
etaFluor/MetaMorph 4.0V7h»)l7 (Universal Imaging) T*ftJ$J£ JlSMicro 
Max-1300Y/HS>f >*-^>f >CCD#*9 (Roper scientific Inc.) £«^T, 
U > A X I X-70± IC HBSS^^M *P (D HeLajflH jfe £ 25 °C T* ® ft{ L . 77«yS/a^ 

tt, 475DF35JM:7^ 505DRLP--fe£$9-, Jfctf, HQ525/50#gft 7 4 JV 
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(^ A #10-2, Sutter Instruments) tC «fc »J^JS|it 2 o 

OBM?* Jl*- (480DF10fe<fctf410DF10) , 505DRLP-XR^-fe-f£ ^ =y &tf53 
5VF25myt7 4 Jl* -Zm^fe. TJl3y^*y]s—if- (Omnichrome, Melles 
Griot) fcMV^feFluoview FV500«^l/-1f-^acaJB«d(l (Olympus) 

[0 0 5 3] 

(b) 

(B-l) Ca ^^'ffi-b"-^ ^ rL^-i/H >-fbGFP^M^©^p^ 

YFP£J*#T?&SEYFP(V68L/Q69K) (Miyawaki, A., Griesbeck, 0., Heim, R. 
& Tsien, R. Y. (1999) Proc. Natl. Acad. Sci. USA 96, 2135-2140) (Ci*— * 

*-GGSGGS:^L/Tatj^-rSii:JCJ:»J, Y145fei:0N1445: > ?tl?ftffi L VnN£ 
«fctfC5fcaglCLfc (01) o N*^fcM^Lfc'\*^fc*^*?>## (His6##) 
&MV^T, >-ffcYFP (c P EYFP(V68L/Q69K)) 

A°^jS<Z)^T<Z)X^^ h;i/^pH7.4T*M^bfeo cpEYFP(V68L/Q69K)0)l»3fe*/>C* 
h;Wi420nm&C±|g&fcf-*#& U, 500nm#j£T*/jN $ h tf- * 

ZZHZBLt (02A) . -tltt, 514nmiC^tr-^S:^t- St£©EYFP(V68L/Q 
69K) (0 2 A, Miyawaki, A., Griesbeck, 0., Heim, R. & Tsien, R. Y. (1999 
) Proc. Natl. Acad. Sci. USA 96, 2135-2140) £ Z<Dy";i- 
i/y Mi, !§&a#cpEYFP(V68L/Q69K){Cfc^T>fn hy{tlsT^&Z£&ft& 
LT^S. BfiX^C^ h^/tt, WT-GFP<Z>-*H£J§j8;*/>^ (Tsien, R. Y. ( 
1998) Annu. Rev. Biochem. 67, 509-44) &f£ 3417nm£ <fc t>*506nm{C 2 O (D 
fcf-^Sr^L/TV^ (02 B) „ 420nm#ifi7?PS3 , fe-t5)CpEYFP(V68L/Q69K)©^n 

V* (Tsien, R. Y. (1998) Annu. Rev. Biochem. 67, 509-44) 
[0 0 5 4] 

**J©tt#T?tt, CaM©C5R3ifeJ:tfM13©N*S8S:, cp EYFP(V68L/Q69K)0DN5|5 
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hU^^Ky >#-SAG£^LTM13©C^5j§tC, GTG U 

^(DE104Q^M$:^t?CaM 13 ON^{C, c P EYFP(V68L/Q69K) fciftH? U £ (EI 1 ) 0 
CaM©N^i:M13©C^ii^tl^0«^^CfeV^T5OAiltlTV^^^ (Ikura, M 

Clore, G. M. , Gronenborn A. M. , Zhu, G. , Klee, C. B. & Bax, A. (1992) 
Science 256, 632-638) . * * 9 * Ktt£3fcttT*Ca 2+ tf gft £^ . 

-dr^L^-A-^ a-r-2/3 >fkYFPfeJ:tKCaMS:^t- r^y #A 
(pericam)j fc*£Lfc„ 485n.T?BfiLfc»£, Ca 2+ M^U*Ate, 520nmT* 

mmz, c P EYFP(V68L/Q69K)tf)flRft*/^ MbfcJ: O^*^* h;Wi^lT*l=&C 
[0 0 5 5] 

*vbV-t izm^-t ZMmO T ^ JWHtmmt L tc B TyrCDftfc y JCHis203/\ 
©«*»CJ:oT^>r^^y^U>2;^SK:*#a4xfc D r 7 ^ y 5, a *y *A 
J ^fTtSCKDfrLv^y^AW: (Ell) , Ca 2+ ^#^f £*£&3fe#8<ttJ|Mjn 
Lfe (03 D) 0 37TCfCi3^T&&Lfe:7*-;i,^ >^&t,t?,t2o0^ 
(V163Afc<fctfS175G) SrflJ^T, 7^ y U # A £$mftCa 2+ <£ J|i-^-gy:| 

cpEYFP(V68L/Q6BK)4:««Lfe«*^'<^h^ft3RLfe (S3 A. . Ca 2+ 

^ffifDi-St, 400nmtr-^^^/> tT490nm©l®3 , 6H o -^^it^:Lfe (03 A, 
a Ca 2+ -CaMi:M13^^Ki:(Z)^{Cj:y^ac7)-Y^>'f|:^ 

a^y#A ( P H=9) Ca^fc^fcvN^ (pH>10) ©*&2ffiPW*V^ &o 
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C^ 2+ m^y^v^=LKV^^\ TJltiVmffl (alkali-quenched) Zjxf- ( pH 

>10) ZttfmZn, *%£&(3-canMm<Dmmtfmm:Ztl2> 0 
[0 0 5 6] 
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[0 0 5 7] 

75y^y*A, -OA-x^y*^ &*XfUS/**hVv9 
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a : EYFP(V68L/Q69K)0)-&|B^ tlS 7 ^ 7 Bft©-^^* 

b : ^ abs tt> f-y^- h;Mitin? h;i/0)fcf-?T*&*J, &a&rt<z>e 

tt, ioVW 1 T*cz>^;i'i!»^ifcT*&3 0 

d : Ca 2+ tf)KcM8&, S3lCfeWS3a^fflJK^e>«ISLfe. fS5Krt0> n Jit /I, (Hi 
11) flHRtf&S. 

e : 50 mM HEPES/KOH pH7.4T?a!fJ£ Lfc„ 

f : zam*. rm (%mir<DUw.) *m-t B 

[0 0 5 8] 

IZH/uZmmZ, i$LM2Q3iZ?-U*/y£t=.&\ZXm>&mL* 400nmtfjfiT* 
"S^1-S#m^ffi^n h^-f&tt&^fc (Tsien, R. Y. (1998) Annu. Rev. Bioch 
em. 67, 509-44) 0 Sfc, 7 9 V %/ a ^ U # A &400nm#$a*e®jg $ i±£#-£lC 
(±, &3fett«&Jfcffl*nrtB;Eofc. rWC^l, YFP<Z)fe«203{C£tt£7:n-;i/ 

T^->tt, hyitmznytm^&z.ttfBztix^Zo m*.it* 4oonm 

T'tf)Phe203£;f t-£YFP£>JMtt, 455nmic£&|§3 1 6 tf- * (Dickso 
n, R. M. , Cubitt, A. B. , Tsien, R. Y. & Moerner, W. E. (1997) Nature 388 
, 355-358) o -ffl.-&ffimisis** h U y^Ca 2+ j=g^£ g&}£ LT, 7^>yS> 
a^U #AtCPhe203£#AL£o U fc«M©y S 7 df>^R7* 

-^■r-V >^^ca 2+ ^ft©ft^bfcMM-e$>^r fcawniLfc. £>&<z>mmyo 

5:^ilfct> H203F, H148D, CaM<Z>f&©if U S/^&fc^cS-fr, 

7C©N*Sgi:C^SB©iaiJca)5GGSGGU >*-SrVDGGSGGTGT?ifiSlf -5 3 £.IZ£ U, 
ri/£/;fr* h U y ^^U^Aj &79^5/a^U35;A^e)f|^bfc (01) = 7 

fctt«3&l&a<B>f tf^ffc&iEiiUT^fc. #£oT, Vi/3r* b V y 7 3j Alt 
, e/n^U^Ail^CDPR^X^^ h;KZ)Ca 2+ ^#ft^>fb§:^b (0 3 B 

) > pHiRjtffilRH:, Ca 2+ (CJ; VttlZi/y h Lfc (03 H) . LfrU 77>r> 
a^U #A£li*fflgl&lC, l/i/^h'J«y^^'J*Att, 415nm^3 «fc tf494nm{C fcT 
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bfrZmbT&y (H3E) , 494 n«a3J:tf415iM3fe 
*e®flU&»#JC»^-rs*ft«^ (511~517nm) Offi^aftfttt, Ca 2+ fi&*D^ 
Ca 2+ #^^^T*}i^l0^ffc^Me>tlfe (03 E) 0 mmtt (494/415) ^ 
£#tt©apj||£R (K'd) 38«1.7iKMfeJ:tJPHill)t»*«l.l©, W[4Ca 2+ ^# 
tttfaSSftfc (0 3 K) . 
[0 0 5 9] 

US/** h »J >y ^ y * A > ^A^^Migt:^ I fe^, D148T© 
tt&&^r5Hl*&^*>^*E&#^£Lfc (IH1) = 

ttStMttlC, SOQnmTmmLfrMitlzmyt-tZm&nyt (513~515nm) Ca 2+ 
{CJ: »J15%$T?»4>Lfc (03 F) . £ © # > * jj & r>f U # Aj 

£ift£L£„ >r>A-X^U^A/\©Ca 2+ (Z)^^^H©^n f> >-ffc L 

^T, Ca 2+ -f h;i/©tf-^$r503nm^f,490nm{cy;i/-e/ 
^h$-tiT, 400nm#igcD/jN$^5:^ffi^ii^ftT^ofc (03 C) „ f&fc^ 

>f (PH>8) Ttt, Ca 2+ #1^f#>^Sm, Ca 2+ **-£0jgU 

«7«IS6frofc (03 I) . i^JR^SJi, Ca 2+ M^{CJ:U30%M^L^ 

[0 0 6 0] 

(B-2) *V1lI*Znm-?&]leL*mmiZt3tt& [Ca 2+ ] jHf^-fb: 

tlfcV^ 05A£#flC> . &oT, ^U*Ali, «W5i^lCa 2+ ^|g ( 

[Ca 2+ ] .) &jB»**::i:#-cg* 0 04 A, 4B*3<fctf4Ctt, 77>y^^ 

+ *HeLa«JBK:ferjft, §§ftiif [Ca 2+ ] #«®**fc&vi 
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y, &fdt>Mzmmmtfm,TLt=. e 

[0 0 6 1] 

£rfr>i*Z a Ca 2 V*V*Ttf)#;fcTT% (5mM) <DMMm* 2+ vm®. 

7*^T% BAPTA-AMfc J: tFEGTACDigfM {c j: y , in situieiEM^ft^irfcfe J: t>**/jN 
it (-etl-^tl, R max ^3i:t>*R min ) tW*>*i£ (04B©±gP) . «j<z>$mM© 

[0 0 6 2] 

T'&3t#x.P>*iS (04 A) . L#U -f>^-^/<u*Att, ifcftttJcfcy 
[Ca 2+ ] j^if^Sr^Lfe (04 C) . 3*U£, -f >A-**y 

#M£J:tf0.7/*MT*&o£ (03JfcJ:tf3L) £V^*Hji 

't3.fctf**JK*fc#^s~fcu&y (* I ) , rtie>tt, enhansed GFPJCJStSE 
M-?Z> (Tsien, R. Y. (1998) Annu. Rev. Biochem. 67, 509-44) . ^oT, Ca 
2+ (Ci:yM^-rSM^^tt{C^^^fce>-r, ^A-**y 

[0 0 6 3] 

* y * a ® mage », c e w * 3?°c r*<z> ? * - > ^» 

[0 0 6 4] 
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(B-3) $yA?M^U~mLmt<Z>*-*- : 

^^ttHftSV^ d<B«TtBfi:&«^SfcfclC, EYFP(V68L/Q69K)©5fc©N*Sgi:C 
*^ii©^©U>^-{cfeVNT7^^^i2.^U^AS:^iriL/fe (01) 0 2otf) 
( r^^y, yh ^,;^ Aj ) ^ HeLa«*^&2§^3i±£ 0 GFP(5D 
hU^:/^K65~67^P,^£#.\ ?(DMmziZ%±&i3-ca n Mm. (Ts 
ien, R. Y. (1998) Annu. Rev. Biochem. 67, 509-44) t£oT, 

. y h/>OJ;*jA&, CaM^M13^^ K^©W©«T^^-^$:^- ^--r-g) 

[Ca 2+ ] iSSK^r^Cfe (04 D) . L^U ^^U^^'J^M 
^^Ca 2+ f|^^LT^Mf ^^il«T^^^o^ 0 CaJU3J;tfM13^:/^ K(i# 
H U T V ^ £ - *i £ tt« tf* ©T^ggjCaMife J: CaM|g£- # > /\° ? g £ 
/&LT^£ 0 in vitro^l^^ 7 =y v V =t ^ V * A (c ^Tffit£- L £CaM£:M13 

[0 0 6 5] 

(b-4) c* 2+ ^#yiztt?z>mm<z>mm'& 

h*jji(Dc* 2+ mm ( cca 2+ ] c ) titmrnmc. m^ 2+ mm ( cca 2+ ] 

) ^lfSi5$tl^^^e>^^^^T'fe^ (Malviya, A. N. & Rogue, P. J. (ig 9 8) 

Cell 92, 17-23) . ^/»*3fc* b- NfcJ&ffi^T, [Ca 2+ ] fc^tf [ C a 2+ ] 

n u J c 

/JNJ»#*©*HJ»|*/J\an3rfr e, © ^ ;i/^MA L T 
(Brown, G.R., Kohler, M & Berggren, P. 0. (1997) Biochem. J 
. 325, 771-778) . Ca 2+ «Stt»3t * > X* MT>& S X * * ij > «fei:0E* 
^ hvOl/*lC#£|$tc:^£ffcl,TV*£# (Badminton, M. N. , Campbell, A. K. 
& Rembold, C. M. (1996) J. Biol. Chem. 271, 31210-31214 ; &tfBrini , M. , 
Murgia, M. , Pasti, L. , Picard, D., Pozzan, T. & Rizzuto, R. (1993) EMB0 
J. 12, 4813-4819) , «>*©jWJttK:feWS [Ca 2+ ] fcitf [Ca 2+ ] feB*** 
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m&L&mvmv*yA>7mmmT\ h^;vn^m±mzmz^ 

^bT^fe 0 lot, 77>yi/i^U*A?:fMlT, Ca 2+ ^®f^cr)^^ & 

CD [Ca 2+ ] n fij:0t [ C a 2+ ] c ©, *nfe»fcj: 5l^§^f 0 [Ca 2+ ] n fc [ C a 2 

7 s *-aft*3SEa!2^^.ajg»^««« (Fan, G. Y. , Fujisaki, H. , Miyawaki 
, A., Tsay, R. K. , Tsien, R.Y. & Ellisman, M. H. (1999) Biophys. J. 76, 
2412-2420) fc, &ytC* 2+ mmmV$>Zi]*U*> (cameleon) (Miyawaki, A., 
Llopis, J., Heim, R. , McCaffery, J. M. , Adams, J. A, Ikura, M. & Tsien, 
R. Y. (1997) Nature 388, 882-887) &#V^Tffo fcHOfc** & fc, H*lt(Z>*$Xtf 

[0 0 6 6] 

(B- 5) * hny FVTiZ&VzmMCa^Mnt!^ : 

U3>KU7tt, «l^lf^^^CDCa 2+ CD^Atfe^Stffi(Cj:U^^.5«a 
m<DCz 2+ <DVJ h9Jl$ ? U b~*J yfr±Ca 2+ *frim2^Z> 0 [Ca 2+ ] c ©if^ 

m<DmmmV(D [Ca 2+ ] c £J;tf [Ca 2+ ] m huyFVTlZ&VZMMCa 2+ m 
Bt) <Dm*!rmm<DliLW*Z<'P&<DML'fr&^ (Ricken, S. , Leipziger, J., G 
reger, R. & Nitschke, R. (1998) J. Biol. Chem. 273, 34961-34969) „ 
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Ca 2+ «»ft^»tta«fK:j:»;n— ^-f >^Lfe# (Babcock, D. , Herrington, J 
Goodwin, P. C, Park, Y. B. & Hille, B. (1997) J. Cell Biol. 136, 833 
-844), 5 hn>KyTtt35**-f h!/^CW:«*L«i*»ofe. 3*UC*fU x 
^*U>ttMJC*-yyT-^>^at l 6*« (Rutter, G. A. Burnett, P., Riz 
zuto, R. , Brini, M. , Murgia, M. , Pozzan, T. , Tavare, J. M. & Denton, R. 
M. (1996) Proc. Natl. Acad. Sci. USA 93, 5489-5494) „ -kUy^-^^y (co 
elenterazine) ft i&R il U Ca 2+ fc J: y * TCgttlcfltfta Lfrfc 

[0 0 6 7] 

*fhtz.V*s*% hU ***y*A$:tfv*T, *ft^fi [Ca 2+ ] m feJ:t)t [Ca 2+ ] 
ftM^Lfc. HeLa«p«g-eca 2+ i/^;b^^^ h g fcJCjiiil- £ 

4:v^*iJilc*^s, * hn>K.; 7 ^Ca 2+ ^^i:lt, [ca 2+ ] n ftMJt 

T*ato 2+ i/7+JU<Dm#nm%:mte+*zt.tfTzmKk&. me Ait. i*m 

480/410) tt«&oTHS (06 B) . [Ca 2+ ] ^il^^^fe^ - 
tlfctt, -Jttt^oHWUfe [Ca 2+ ] B *ar## 0 fc. L^L, [Ca 2+ ] m <Z)tf- 
(Ricken, S., Leipziger, J., Greger, R. & Nitschke, R. ( 
1998) J. Biol. Chem. 273, 34961-34969) , [Ca 2+ ] fl «fc y 5 ~10#« U fe. 
*-**/Wt**«T? [Ca 2+ ] ^ [ C a 2+ ] n fc fcifc«LfeJK|jr<0||in?tt, [Ca 
2+ ] B fiT©M««*#atiTV^«««, *ilMT11 [Ca 2+ ] m <D®mtefr&>) 
M<* Mmmm^m^mommmMt-mV^ (Ricken, S., Leipziger, J., 
Greger, R. & Nitschke, R. (1998) J. Biol. Chem. 273, 34961-34969) „ ft 
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z.tifit>»&. [ca 2+ ] m <Dmmmwm*. tevMLmmztifr. $ kh>ku 

• <H6C) T*tt, ^ [ca 2+ ] .fcw+JH-©^ havKymo^ytii 
flSStlfe (^8JTa%+) . [Ca 2+ ] B ±JM±*ft*ftttl05Pra#»Lfc o 

fc [Ca 2+ ] .©Hft/haM^ftKUrywa^Kiatlfc (Montero, M. Alonso, M 
. T., Carnicero, E. , Cuchi 1 lo-Ibanez, I., Albinos, A., Garcia, A. G. , Ga 
rcia-Sancho, J. & Alvarez, J. (2000) Nat. Cell Biol. 2, 57-61) . 
[0 0 6 8] 

(b - 6) ^yAAintfflifi^sn- wt*!m*ca 2+ mmm<Dit® 

il*V*y (Miyawaki, A., Llopis, J. , Heim, R. , McCaffery, J. M. , 
Adams, J. A, Ikura, M. & Tsien, R. Y. (1997) Nature 388, 882-887) fc^tf 

(camgaroo) (Baird, G. S., Zacharias, D.A. & Tsien, R. Y. (19 
99) Proc. Natl. Acad. Sci. USA 96, 11241-11246) T*&5„ U*yi* y & 

tfm ft§2 «C7)GFP^ J|ft FRET £ ffi V * £ ^MJIM^M 1/ * h y y 

*Ca 2+ J|^g-e&£ o l/t>i:it*LT, WWh'h^^iJ^Att ca 
2+ lC#f L T «fc y S:^ 0 HeLaHH^f^gp© \si/itj< h V y & it] 

Kmin^^Rmax® 10 ^^ in vitroTJft e>*lfe®j@Jt (494/415) (Dmtt 
-JtLTfey, i&&Lfc*U&#;* l/tf > (Miyawaki, A., Griesbeck, 0., Heim, 
R. & Tsien, R. Y. (1999) Proc. Natl. Acad. Sci. USA 96, 2135-2140) ©R 

m 

ax / R min® V tt*J&»IC*gH a Ml AAtt, Jfc«& 

^ t3il *^> 3© 1/ h y y ?/^y 1iU*>-VfttSLV>f-}-)\,/ J J XbbZU 
^^U^AiCiy, m-<Z>$ hn>KUr*cD [Ca 2+ ] ^^-^-fs^i;^ 
[0 0 6 9] 

* A # ^ ~ ^ £ # S> a y > 0# A £ * * 5 Ca 2+ ^^^EYFPT' & 
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»J, 759 £/n.^U #A|^fillC, Ca 2+ ©t&fnB#(C7>fg0J!£<&5 o bfrb, 
Ca 2+ K#t-£§M&7J#{£^ (Kd=7/tM) fc«MC, 2~3/tMtt 

©t:*#i= ^fi^l? [ca 2+ ] j^M5:+^^m^sz:i:^T^^v> 0 

WoM&UlC, 77^>i^U^AIi, Ca 2+ lC*fbT+^C^^MfD75 (Kd=0.7 

tit) Sr^fSdii*^, [Ca 2+ ] 

[0 0 7 0] 

^jA(DCa 2+ ^#ffi#i&?:^L<^l:'^-2>3i:^PHbfe 0 »£^0>#^ * 
WS* £3£203lC;i3ttS^n2/>©7x— /b79 — (Y203F) IC*»J, 

7i^r^-i2>'9--&fgft"rs±T*s £K#<©««#»e>*isfr%b;rifcv*. gfp 
©yn hy*v hv-vi^^Toimmzz bizmtozznizj: y, c P gfp«, f 

[0 0 7 1] 

[DS 

[0 0 7 2] 

SEQUENCE LISTING 
<110> RIKEN 

<120> Fluorescent proteins 
<130> A11060MA 
<160> 5 

[0 0 7 3] 
<210> 1 
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<211> 1278 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Recombinant DNA 
<400> 1 

atg aag a gg cgc tgg aag aaa aac ttc att gcc gtc age get gee aac 48 
Met Lys Arg Arg Trp Lys Lys Asn Phe He Ala Val Ser Ala Ala Asn 

15 10 15 

egg ttc aag aag ate tec age tec ggg gca ctg ggg tct gca ggc tac 96 
Arg Phe Lys Lys He Ser Ser Ser Gly Ala Leu Gly Ser Ala Gly Tyr 

20 25 30 

aac age cac aac gtc tat ate atg gcc gac aag cag aag aac ggc ate 144 
Asn Ser His Asn Val Tyr He Met Ala Asp Lys Gin Lys Asn Gly He 

35 40 45 

aag gcc aac ttc aag ate cgc cac aac ate gag gac ggc ggc gtg cag 192 
Lys Ala Asn Phe Lys He Arg His Asn He Glu Asp Gly Gly Val Gin 

50 55 60 

etc gcc gac cac tac cag cag aac ace ccc ate ggc gac ggc ccc gtg 240 
Leu Ala Asp His Tyr Gin Gin Asn Thr Pro He Gly Asp Gly Pro Val 
65 70 75 so 

ctg ctg ccc gac aac cac tac ctg age cac cag tec gcc ctg age aaa 288 
Leu Leu Pro Asp Asn His Tyr Leu Ser His Gin Ser Ala Leu Ser Lys 

85 90 95 

gac ccc aac gag aag cgc gat cac atg gtc ctg ctg gag ttc gtg ace 336 
Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr 

100 105 HO 

gcc gcc ggg ate act etc ggc atg gac gag ctg tac aag ggt ggc age 384 
Ala Ala Gly He Thr Leu Gly Met Asp Glu Leu Tyr Lys Gly Gly Ser 
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115 120 125 

ggt ggc atg gtg age aag ggc gag gag ctg ttc acc ggg gtg gtg ccc 432 
Gly Gly Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro 

130 135 140 

ate ctg gtc gag ctg gac ggc gac gta aac ggc cac aag ttc age gtg 480 
He Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val 
145 150 155 leo 

tec ggc gag ggc gag ggc gat gee acc tac ggc aag ctg acc ctg aag 528 
Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys 

165 170 175 

ttc ate tgc acc acc ggc aag ctg ccc gtg ccc tgg ccc acc etc gtg 576 
Phe He Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val 

180 185 190 

acc acc ttc ggc tac ggc ctg aag tgc ttc gee cgc tac ccc gac cac 624 
Thr Thr Phe Gly Tyr Gly Leu Lys Cys Phe Ala Arg Tyr Pro Asp His 

195 200 205 

atg aag cag cac gac ttc ttc aag tec gee atg ccc gaa ggc tac gtc 672 
Met Lys Gin His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val 

210 215 220 

cag gag cgc acc ate ttc ttc aag gac gac ggc aac tac aag acc cgc 720 
Gin Glu Arg Thr He Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg 
225 23 0 235 240 

gec gag gtg aag ttc gag ggc gac acc ctg gtg aac cgc ate gag ctg 768 
Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg He Glu Leu 

245 " 250 255 

aag ggc ate gac ttc aag gag gac ggc aac ate ctg ggg cac aag ctg 816 
Lys Gly He Asp Phe Lys Glu Asp Gly Asn He Leu Gly His Lys Leu 

260 265 270 

gag tac aac ggt acc ggg gac caa ctg aca gaa gag cag att gca gag 864 

3 9 m$E#2 002-3008180 
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Glu Tyr Asn Gly Thr Gly Asp Gin Leu Thr Glu Glu Gin He Ala Glu 

275 280 285 

ttc aaa gaa gee ttc tea tta ttc gac aag gat ggg gac ggc acc ate 912 
Phe Lys Glu Ala Phe Ser Leu Phe Asp Lys Asp Gly Asp Gly Thr He 

290 295 300 

acc aca aag gaa ctt ggc acc gtt atg agg teg ctt gga caa aac cca 960 
Thr Thr Lys Glu Leu Gly Thr Val Met Arg Ser Leu Gly Gin Asn Pro 
305 310 315 320 

acg gaa gca gaa ttg cag gat atg ate aat gaa gtc gat get gat ggc 1008 
Thr Glu Ala Glu Leu Gin Asp Met He Asn Glu Val Asp Ala Asp Gly 

325 330 335 

aat gga acg att tac ttt cct gaa ttt ctt act atg atg get aga aaa 1056 
Asn Gly Thr He Tyr Phe Pro Glu Phe Leu Thr Met Met Ala Arg Lys 

340 345 350 

atg aag gac aca gac age gaa gag gaa ate cga gaa gca ttc cgt gtt 1104 
Met Lys Asp Thr Asp Ser Glu Glu Glu He Arg Glu Ala Phe Arg Val 

355 360 365 

ttt gac aag gat ggg aac ggc tac ate age get get cag tta cgt cac 1152 
Phe Asp Lys Asp Gly Asn Gly Tyr He Ser Ala Ala Gin Leu Arg His 

370 375 380 

gtc atg aca aac etc ggg gag aag tta aca gat gaa gaa gtt gat gaa 1200 
Val Met Thr Asn Leu Gly Glu Lys Leu Thr Asp Glu Glu Val Asp Glu 
385 390 395 400 

atg ata agg gaa gca gat ate gat ggt gat ggc caa gta aac tat gaa 1248 
Met He Arg Glu Ala Asp He Asp Gly Asp Gly Gin Val Asn Tyr Glu 

405 410 415 

gag ttt gta caa atg atg aca gca aag taa 1278 
Glu Phe Val Gin Met Met Thr Ala Lys 
420 425 
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[0 0 7 4] 

<210> 2 
<211> 1284 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Recombinant DNA 

<400> 2 

atg aag agg cgc tgg aag aaa aac ttc att gcc gtc age get gec aac 48 
Met Lys Arg Arg Trp Lys Lys Asn Phe He Ala Val Ser Ala Ala Asn 

1 5 10 15 

egg ttc aag aag ate tec age tec ggg gca ctg ggg tct gca ggc tac 96 
Arg Phe Lys Lys He Ser Ser Ser Gly Ala Leu Gly Ser Ala Gly Tyr 

20 25 30 

aac age gac aac gtc tat ate atg gcc gac aag cag aag aac ggc ate 144 
Asn Ser Asp Asn Val Tyr He Met Ala Asp Lys Gin Lys Asn Gly He 

35 40 45 

aag gcc aac ttc aag ate cgc cac aac ate gag gac ggc ggc gtg cag 192 
Lys Ala Asn Phe Lys He Arg His Asn He Glu Asp Gly Gly Val Gin 

50 55 60 

etc gcc gac cac tac cag cag aac acc ccc ate ggc gac ggc ccc gtg 240 
Leu Ala Asp His Tyr Gin Gin Asn Thr Pro He Gly Asp Gly Pro Val 
65 70 75 80 

ctg ctg ccc gac aac cac tac ctg age ttc cag tec gcc ctg age aaa 288 
Leu Leu Pro Asp Asn His Tyr Leu Ser Phe Gin Ser Ala Leu Ser Lys 

85 90 95 

gac ccc aac gag aag cgc gat cac atg gtc ctg ctg gag ttc gtg acc 336 
Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr 
100 105 110 
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gcc gcc g gg ate act etc ggc atg gac gag ctg tac aag gtc gac ggt 384 
Ala Ala Gly He Thr Leu Gly Met Asp Glu Leu Tyr Lys Val Asp Gly 

115 120 125 

ggc age ggt ggc acc ggt gtg age aag ggC gag gag ctg ttc acc ggg 432 
Gly Ser Gly Gly Thr Gly Val Ser Lys Gly Glu Glu Leu Phe Thr Gly 

130 135 140 

gtg gtg ccc ate ctg gtc gag ctg gac ggc gac gta aac ggc cac aag 480 
Val Val Pro He Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys 

145 150 155 160 

ttc age gtg tec ggc gag ggc g a g ggc g at g cc acc tac gg c aa g ct g 528 

Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu 

I 65 170 175 

acc ct g aag etc ate tgc acc acc ggc aag ctg ccc gtg ccc tgg ccc 576 
Thr Leu Lys Leu He Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro 

180 i 8 5 igo 

acc etc gtg acc acc ttc ggc tac ggc ctg aag tgc ttc gcc cgc tac 624 
Thr Leu Val Thr Thr Phe Gly Tyr Gly Leu Lys Cys Phe Ala Arg Tyr 

195 200 205 

ccc gac cac atg aag cag cac gac ttc ttc aag tec gcc atg ccc gaa 672 
Pro Asp His Met Lys Gin His Asp Phe Phe Lys Ser Ala Met Pro Glu 

210 215 220 

ggc tac gtc cag gag cgc acc ate ttc ttc aag gac gac ggc aac tac 720 
Gly Tyr Val Gin Glu Arg Thr He Phe Phe Lys Asp Asp Gly Asn Tyr 
225 2 30 235 2 40 

aag acc cgc gcc gag gtg aag ttc gag ggc gac acc ctg gtg aac cgc 768 
Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg 

245 250 255 

ate gag ctg aag ggc ate gac ttc aag gag gac ggc aac ate ctg ggg 816 
He Glu Leu Lys Gly He Asp Phe Lys Glu Asp Gly Asn lie Leu Gly 
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260 265 270 

cac aag ctg gag tac aac ggt acc gac caa ctg aca gaa gag cag att 864 
His Lys Leu Glu Tyr Asn Gly Thr Asp Gin Leu Thr Glu Glu Gin lie 

275 280 285 

gca gag ttc aaa gaa gcc ttc tea tta ttc gac aag gat ggg gac ggc 912 
Ala Glu Phe Lys Glu Ala Phe Ser Leu Phe Asp Lys Asp Gly Asp Gly 

290 295 300 

acc ate acc aca aag gaa ctt ggc acc gtt atg agg teg ctt gga caa 960 
Thr He Thr Thr Lys Glu Leu Gly Thr Val Met Arg Ser Leu Gly Gin 
305 310 315 320 

aac cca acg gaa gca gaa ttg cag gat atg ate aat gaa gtc gat get 1008 
Asn Pro Thr Glu Ala Glu Leu Gin Asp Met He Asn Glu Val Asp Ala 

325 330 335 

gat ggc aat gga Acg att tac ttt cct gaa ttt ctt act atg atg get 1056 
Asp Gly Asn Gly Thr He Tyr Phe Pro Glu Phe Leu Thr Met Met Ala 

340 345 350 

aga aaa atg aag gac aca gac age gaa gag gaa ate cga gaa gca ttc 1104 
Arg Lys Met Lys Asp Thr Asp Ser Glu Glu Glu He Arg Glu Ala Phe 

355 360 365 

cgt gtt ttt gac aag gat ggg aac ggc tac ate age get get cag tta 1152 
Arg Val Phe Asp Lys Asp Gly Asn Gly. Tyr He Ser Ala Ala Gin Leu 

370 375 380 

cgt cac gtc atg aca aac etc ggg gag aag tta aca gat gaa gaa gtt 1200 
Arg His Val Met Thr Asn Leu Gly Glu Lys Leu Thr Asp Glu Glu Val 
385 390 395 400 

gat gaa atg ata agg gaa gca gat ate gat ggt gat ggc caa gta aac 1248 
Asp Glu Met He Arg Glu Ala Asp He Asp Gly Asp Gly Gin Val Asn 

405 410 415 

tat gaa gag ttt gta caa atg atg aca gca aag taa 1284 
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Tyr Glu Glu Phe Val Gin Met Met Thr Ala Lys 

420 425 

[0 0 7 5] 

<210> 3 
<211> 1284 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Recombinant DNA 

<400> 3 

atg aag agg cgc tgg aag aaa aac ttc att gcc gtc age get gee aac 48 
Met Lys Arg Arg Trp Lys Lys Asn Phe He Ala Val Ser Ala Ala Asn 

15 10 15 

egg ttc aag aag ate tec age tec ggg gca ctg ggg tct gca ggc tac 96 
Arg Phe Lys Lys lie Ser Ser Ser Gly Ala Leu Gly Ser Ala Gly Tyr 

20 25 30 

aac age gac aac gtc tat ate atg gcc gac aag cag aag aac ggc ate 144 
Asn Ser Asp Asn Val Tyr He Met Ala Asp Lys Gin Lys Asn Gly He 

35 40 45 

aag gcc aac ttc aag ate cgc cac aac ate gag gac ggc ggc gtg cag 192 
Lys Ala Asn Phe Lys He Arg His Asn He Glu Asp Gly Gly Val Gin 

50 55 60 

etc gcc gac cac tac cag cag aac acc ccc ate ggc gac ggc ccc gtg 240 
Leu Ala Asp His Tyr Gin Gin Asn Thr Pro He Gly Asp Gly Pro Val 
65 70 75 80 

ctg ctg ccc gac aac cac tac ctg age ttc cag tec gcc ctg age aaa 288 
Leu Leu Pro Asp Asn His Tyr Leu Ser Phe Gin Ser Ala Leu Ser Lys 

85 90 95 

gac ccc aac gag aag cgc gat cac atg gtc ctg ctg gag ttc gtg acc 336 
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Asp Pro Asn Glu Lys Arg Asp 

100 

gcc gcc ggg ate 
Ala Ala Gly He 

115 

ggt ggc 
Gly Gly 



act etc ggc 
Thr Leu Gly 



ggc age 
Gly Ser 
130 
gtg gtg 
Val Val 
145 

ttc age 
Phe Ser 



ccc ate 
Pro He 

gtg tec 
Val Ser 



ace ctg 
Thr Leu 

acc etc 
Thr Leu 

ccc gac 
Pro Asp 
210 
ggc tac 
Gly Tyr 
225 

aag acc 
Lys Thr 



aag etc 
Lys Leu 
180 
gtg acc 
Val Thr 
195 

cac atg 
His Met 

gtc cag 
Val Gin 

cgc gcc 
Arg Ala 



acc ggt gtg 
Thr Gly Val 

135 

ctg gtc gag 
Leu Val Glu 

150 
ggc gag ggc 
Gly Glu Gly 
165 

ate tgc acc 
He Cys Thr 



His Met Val Leu Leu 

105 

atg gac gag ctg tac 
Met Asp Glu Leu Tyr 

120 

age aag ggc 
Ser Lys Gly 



ctg gac ggc 
Leu Asp Gly 



acc ttc ggc 
Thr Phe Gly 

aag cag cac 
Lys Gin His 

215 

gag cgc acc 
Glu Arg Thr 

230 
gag gtg aag 
Glu Val Lys 
245 



gag ggc gat 
Glu Gly Asp 

170 

acc ggc aag 
Thr Gly Lys 

185 
tac ggc ctg 
Tyr Gly Leu 
200 

gac ttc ttc 
Asp Phe Phe 



gag gag 
Glu Glu 
140 
gac gta 
Asp Val 
155 

gcc acc 
Ala Thr 



Glu Phe Val 

110 
aag gtc gac 
Lys Val Asp 

125 

ctg ttc acc 
Leu Phe Thr 

aac ggc cac 
Asn Gly His 



ctg ccc 
Leu Pro 

aag tgc 
Lys Cys 



ate ttc ttc 
He Phe Phe 

ttc gag ggc 
Phe Glu Gly 

250 



aag tec 
Lys Ser 
220 
aag gac 
Lys Asp 
235 

gac acc 
Asp Thr 



tac ggc aag 
Tyr Gly Lys 
175 

gtg ccc tgg 
Val Pro Trp 

190 
ttc gcc cgc 
Phe Ala Arg 
205 

gcc atg ccc 
Ala Met Pro 



Thr 

ggt 384 
Gly 

ggg 432 
Gly 

aag 480 
Lys 
160 

ctg 528 
Leu 

ccc 576 
Pro 

tac 624 
Tyr 

gaa 672 
Glu 



gac ggc aac 
Asp Gly Asn 

ctg gtg aac 
Leu Val Asn 

255 



tac 720 

Tyr 

240 

cgc 768 
Arg 
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ate gag ctg aag ggc ate gac ttc aag gag gac ggc aac ate ctg ggg 816 
He Glu Leu Lys Gly He Asp Phe Lys Glu Asp Gly Asn He Leu Gly 

260 265 270 

cac aag ctg gag tae aac ggt acc gac caa ctg aca gaa gag cag att 864 
His Lys Leu Glu Tyr Asn Gly Thr Asp Gin Leu Thr Glu Glu Gin lie 

275 280 285 

gca gag ttc aaa gaa gee ttc tea tta ttc gac aag gat ggg gac ggc 912 
Ala Glu Phe Lys Glu Ala Phe Ser Leu Phe Asp Lys Asp Gly Asp Gly 

290 295 300 

acc ate acc aca aag gaa ctt ggc acc gtt atg agg teg ctt gga caa 960 
Thr He Thr Thr Lys Glu Leu Gly Thr Val Met Arg Ser Leu Gly Gin 

305 310 315 320 

aac cca acg gaa gca gaa ttg cag gat atg ate aat gaa gtc gat get 1008 

Asn Pro Thr Glu Ala Glu Leu Gin Asp Met He Asn Glu Val Asp Ala 

325 330 335 

gat ggc aat gga acg att tae ttt cet gaa ttt ctt act atg atg get 1056 
Asp Gly Asn Gly Thr He Tyr Phe Pro Glu Phe Leu Thr Met Met Ala 

340 345 350 

aga aaa atg aag gac aca gac age gaa gag gaa ate cga gaa gca ttc 1104 
Arg Lys Met Lys Asp Thr Asp Ser Glu Glu Glu He Arg Glu Ala Phe 

355 360 365 

cgt gtt ttt gac aag gat ggg aac ggc tae ate age get get cag tta 1152 
Arg Val Phe Asp Lys Asp Gly Asn Gly Tyr He Ser Ala Ala Gin Leu 

370 375 380 

cgt cac gtc atg aca aac etc ggg gag aag tta aca gat gaa gaa gtt 1200 
Arg His Val Met Thr Asn Leu Gly Glu Lys Leu Thr Asp Glu Glu Val 
385 390 395 40 o 

gat gaa atg ata agg gaa gca gat ate gat ggt gat ggc caa gta aac 1248 
Asp Glu Met He Arg Glu Ala Asp He Asp Gly Asp Gly Gin Val Asn 
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405 410 415 

tat gaa gag ttt gta caa atg atg aca gca aag taa 1284 
Tyr Glu Glu Phe Val Gin Met Met Thr Ala Lys 

420 425 

[0 0 7 6] 

<210> 4 
<211> 5 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: linker peptide 

<400> 4 

Gly Gly Ser Gly Gly 
1 5 
[0 0 7 7] 
<210> 5 
<211> 9 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: linker peptide 

<400> 5 

Val Asp Gly Gly Ser Gly Gly Thr Gly 
1 5 
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ytfi/tf-t-Jl (Rizzuto, R. , Simpson, A. W. , Brini, M. & Pozzan, T. (1992) 
Nature 358, 325-327) Sr^tl-Ttl^f . 
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02© (A) », EYFP(V68L/Q69K) (fig*) J: tfc P EYFP(V68L/Q69K) (£*) 
©l&ft;*^* h;i/£mU 02© (B) tt530n«»^feJ:tJC485n«®jgT?^tl-?tl 
K«LfecpEYFP(V68L/Q69K)©«3fc®ja (ex) *3J:tf»ft (em) ^^h**,* 

[03] 

BfStt, 77>yJ/a^U^ (A, D, Gfcitf J) , 
#A (B, E, H&ZtfK) , 4^^{C^>7\'-^^U^A (C, F, I£J;tf 
L) ©©in vitro#ffi£^f . 03T1t ^ U * A©B&3<£*/^ f> ;L/ (a~C) 
> fc£>tf£, m3feiB&^feJ:t)f^X^^ h;P (D~F) , 514nm^bf-^ (G 
) , 516iM»3fefcr-* (I) , ftSOEJC, 495/510©MifcJC £ *IE»ffcfi»© 
PH^#'[4 (H) S:^-r 0 (A) - (I) T. tt , X^n;i/feJ:t;f-^*(t Ca 
2 V:*>©#&T (&*) feiWftT (tt*) (J) - (L) » 

[04] 

04 (A) , * NU y**y*A (B) , 

A-X^CU*A (C) fim^Jyh^JirA (D) + §HeLa|fflSg{Cfe 

Mtffctt*(CJ:»;ft*3*l« [Ca 2+ ] ^aft**^******. ^ 
>^y>^WWtt3~5»Tf*«. (B) ±flj, 480nm#410nm©JMifc o fiffla 

a 2+ ] i^ieiEt-^o TBP, 480nmJM (MVV* £<Stf©H?^) fej:^410nm®|a ( 
[0 5] 

05© (A) 79yJ/a^y*Aft«?I-fSHeLa|IJBCD^J|ljAWfl|ft^L, 
> 05© (B) fcJ*#^>j^§Ca 2+ ^c7) (A) fct3tt***K:»o&*j£ 
M*fca*U 05© (C) », *>f h^;i/^iW{Cfe^-5Ca 2+ i/^;b©^ 
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®6© (A) h tj y*^U#Anu;J3<fctf«tt:|&^Lfc4o©HeLa 

>SM#&, 0, 5, 10, J3<kt>'65#^$:^-r o -#^©«{C* ^ tlS/hRfe 
«fctf*Rtt, *ft**l [Ca 2+ ] n £j:tf [Ca 2+ ] a »fi©B»^-r*««T**. 
£ft&©«MR|ftiitt, (A) ©4o©I|«#Lf c ^«^ [:i (B) 
lZ^t a m6<D (C) tt, l/S/tf-* h U y ^^U^A«t$:|§^-rs 2o©HeLa|ffl 
«©-St©*«#ftWfl|ft^f. ^ppji, -i@ttfC^ [Ca 2+ ] m £^f ^ hn> 
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